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A CONTRIBUTION TO THE ‘ 4 CHEMISTRY OF ALUNITE.” 


By H. Rowbky, 

Assistant Mineralogist ami (’liemist. 


Ulead 14 ih September, 1020.*) 


The total disappearance of all forms of potash for fertilising 
purposes from the Western Australian market during- the past few 
years, and the insistent demands of fruit-growers and market gar¬ 
deners for supplies, have led to an investigation being made of the 
various potash-bearing minerals of this State in the Geological Sur¬ 
vey Laboratory of Western Australia with a view to sup]dying this 
need. Many of the results of this investigation have already been 
published by Dr. If. S. Simpson in an official bulletin “Sources of 
industrial Potash in Western Australia.” 

It lias been the authors privilege to more fully investigate the 
chemical properties of alunite—a basic sulphate of potash and 
alumina—a mineral which occurs in large quantities in this State 
and gives most promise of yielding commercial supplies of potash. 

The. results obtained are of sufficient importance to be set out 
in detail, both as supplying data as to the chemical properties of 
the mineral for the information of mineralogists, and as supplying 
information which, it is hoped, will regulate Hie practice of using 
the mineral as a source of potash for agricultural purposes. 

A complete isoinorphous series of minerals is known, ranging 
from practically pure K„0.bAl J 0. t .4S0 3 .(iI1..0 to practicalv pure 
Na.OMA 1 J) ;! .4S0...()1J 2 0. Commercially, any member of this series 
containing an appreciable amount ol potash is known as alunite. 
Strictly, only those members of the series lying between the pure 
potash compound and the mineral containing equal molecules ol 
potash and soda would he alunite, whilst an excess of soda molecules 
over potash molecules would indicate the mineral known as natro- 
alunit e. 

The most important deposits of alunite in Western Australia 
are situated at Kanowna and are dealt with very fully in Bulletin 
No. 77 of the Geological Survey of W.A. The following remarks 

* By permission ot (lie Director oftlic Cieologicstl Survey of V estern Australia, 
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and results apply to experiments, etc., carried out, except when 
otherwise stated, on the mineral from that locality. 

The Kamovna alunite is a white, firm, finely crystalline mass, 
resembling 1 somewhat in appearance a compact (day, for which it 
might readily be mistaken. It breaks, when freshly mined, with a 
typical snap similar to the breaking of a biscuit. After exposure 
to air for a few days in a comparatively dry atmosphere many 
specimens of the mineral disintegrate into a tine powder, due to tint 
presence of admixed salts. If allowed to partly dry and then again 
wetted, it shows a tendency to soften and crumble; this is probably 
due to partial dehydration and then absorption of water by the 
colloids (i.e., clay, etc.) present. The mineral is extremely porous 
and tests carried out on several pieces dried at 80°0. gave 22.0 
18.1 and 10.8 per cent, of water absorbed by weight, the air space 
by volume being 58.8, 48.0 per cent., and 28.6 per cent., respectively. 

The powder, under the microscope, appears as minute, colour¬ 
less, transparent, cubical grains, which have been determined by 
Dr. Simpson as “not true cubes of the isometric system, but rhom- 
bohedrons approximating to cubes.” This is shown by their optical 
properties, the crystals being anisotropic with diagonal extinction. 
The individual crystals are very minute, ranging in size from 3 to, 
at the most, 10 microns. The specific gravity Avas determined in 
methylene iodide and proved to be very close to that of quartz, viz., 
2.05. The refractive index was determined by mounting some of the 
powder on slides with liquids of known retractive index and ex¬ 
amining them under a microscope. The mineral agreed with that 
of oil of cassia, having a refractive index ot 1.58. 

The refractive index affords a simple and ready method for the 
detection of alunite by immersion. The mean refractive indices of 
minerals resembling alunite in appearance are— 


Kaolin 

• • 

. . 

1.54 

Quartz 

• m 

• , 

.. 1.5-47 

Sericite 

• » 

. . 

. . 1.587 

Calcite 

• • 

• • 

.. 1.601 

Magnesite . . 

♦ • 

• 4 

.., 1.72 


The alunite from Kanowna is invariably associated with appreciable 
amounts of water soluble salts and a little quartz, kaolin and mica. 
The empirical formula for alunite is— 

K 2 0, 3AhO.,.4S O...GILO. 

which may he represented as K 2 SO r Al,(SO,) ? .4Al(OH)„. but for 
reasons which will he dealt with later, would be more correctly 
written as K a SO,.3HOAIS0..3A1 (OII) ;i . 


50 


Dr. Simpson suggests tlie following structural formula for 
alunite:— 
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Plato TX.—Structural formula for alunite. 
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TI'c eoinposilion ol‘ lypieal AYesl Ausli;ilinn alunites is given 
in ll e accompanying table:— 
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EFFECT OF DEV HEAT. 

The commercial utilisation of alunite in the past has been 
based on the formation of* potash alum through the dissociation 
of the mineral by heat aud then by wetting the roasted product. 
The theory of the process needs verification and, in the opinion 
of the author, the effect of heating alunite is not to form a true 
alum, but a basic sulphate of alumina and alkalis. The following 
experiments were carried out with a view to ascertaining the effect 
of dry heat at varying temperatures:— 

100° Centigrade. 

The sample of alunite (D) used in (his experiment was crushed 
to pass a 30 mesh screen, the major portion passing a 00 mesh. 
The mineral was dried m a water oven at 08°C. to remove hygro¬ 
scopic water, cooled, and then weighed: It was then reheated for 
one hour and again weighed, the loss being equal to 0.01 per cent. 
It was again placed in the water oven for two hours and the weight 
again taken, showing a loss of only 0.002 per cent. It is evident, 
therefore, that at the above temperature, the mineral is prac¬ 
tically unaffected. 

200° Centigrade. 

'file mineral used in the previous experiment was heated to a 
temperature of 200°C and weighed; it was again heated lor one 
hour at 200°( 1 , and again weighed. Xo loss at all was recorded. 
Alunite is, therefore, unaffected at temperatures up to 200°C. 

300° Centigrade. 

A sample of alunite (T)) containing 0.42 per cent, of hygro¬ 
scopic water was heated to a temperature ol 300° ( and showed a 
loss of 0.40 per cent. 

The mineral is, therefore, unaffected at temperatures up to 
300° C. 


418° Centigrade. 

One gm. of a. sample (D) containing 09 per cent, alunite, was 
heated in a gas muffle gradually to the temperature of (he melting 
point of pure zinc (418°C\). To prevent any oxidation of the zinc 
indicators, the metal was enclosed in sealed combustion glass lubes. 
The heating was stopped as soon as the zinc melted, the charge 
cooled and weighed. The tests were repeated until a further loss 
was inappreciable. 

The successive losses in per cent, noted were:—2.36 per cent., 
3.06 per cent.; 5.80 per cent.; 7.48 per cent.; 8.34 per cent.^8.05 
per cent.; 0.20 per cent; 0.42 per cent.; 0.63 per cent.; 0.67 per 

cent. 

The total loss recorded was equivalent to 4Vi> mots, of water, 
if it was water only, and not a mixture of ILO and SO„. 



. In order to ascertain if any of the sulphur trioxide was vola¬ 
tilised, the residue was dissolved in 5 per cent, caustic soda solution, 
the sulphur content of which was known, and the sulphur trioxide 
determined. The results proved that there was no appreciable loss 
of S0 3 . 

NaOH soluble SO, in raw mineral 37.01) per cent. 

NaOlI soluble SO, in mineral after 
roasting . . . . . . . . 30.06 „ 

The roasted mineral was readily soluble in lukewarm 5 per 
cent. NnOU solution, whilst the raw 7 mineral required several 
minutes on a water oven to complete solution. 

The roasted mineral was only Aery slowly attacked by water, 
a portion of it dissolving’ and at the same time producing a volu¬ 
minous precipitate of aluminium hydrates. A sample of commer¬ 
cial potash alum ignited at the same temperature proved to he 
fairly readily soluble in warm water and only produced a slight 
precipitate. The foregoing suggested that, on roasting alunite at 
the temperatures mentioned, a basic sulphate of aluminium was 
formed, which, on the addition of water, hydrolysed and pre¬ 
cipitated aluminium hydrate. It was considered possible that the 
precipitate formed may be a basic sulphate of aluminium, but, on 
dissolving it in hydrochloric acid and adding barium chloride solu¬ 
tion, only traces of sulphates were detected. 

The reactions taking place at this stage may be expressed 
thus:— 

2 [K 2 S0 4 -3H0A1S0 4 • 3A1 (OH ) 3 ] heated—> 

Molecular weight. 1G58-24. 

2 K 2 S0 4 -GH0A1S0 4 -3AU0 3 -f DBA) 

“1496-0G 102-18 

On the addition of water to the roasted product the basic sul¬ 
phate formed dissociates, precipitating aluminium hydrate, leaving 
aluminium sulphate in solution, thus:— 

GHOAISO 4 —> 2A1.>(S0 4 ) 3 -f 2 Al(OH) a 

Basie alu- Aluminium Aluminium 

minium sulphate. hydrate, 

sulphate. 

The completed equation for ihe formation of alum from roasted 
alunile is— 

21v 2 SC>, + 2 AU(SO ,) 3 4- 4SH 2 0 —> 4KA1(S0 4 ) 8 -4SH a O 

Potash Alum. 

Alum is not formed by roasting but only by n subsequent series of 
read ions a fter ihe addition of water. It therefore appears that 
the effect of heal at the above temperature is to remove the water 
immediately attached to the aluminium, shown in the formula as 
attached to the potentially free alumina. 


iV_M 0 (' cn / i/jrade. 

I \\<> separate Inis o! f!i(* mineral wore (lion heated in a, siinilar 
timniKM- (o a (omjmrulnre of 52 r>°(\, the moiling point of stibnite, 

<i nn 1 nrnI sulphide ol antimony. The rosnIts obtained were as 
follow;—• 


Mineral 
Loss ... 
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In tin 1 lies! series Ihe lien liny was gradual, Ihe lest being withdrawn, 
as soon as (he indicalor melted, weighed, and reheated to the same 
temperature, Ihe process being repealed uiilil the loss was inap¬ 
preciable. '1 lu> lest in (he second series was allowed to remain in 
ihe. furnace several minutes ui'ler Ihe melting of Ihe stibnite. 

The loss I omul in both cases is equal lo ihe total water present 
and the residue showed practically no loss of ISO... The residue was 
partly soluble in water, forming at (he. same time a. sticky gela- 
(inous mass. < )u warming (he water extract a. bulky precipitate of 
aluminium hydrate was formed. The equations are:— 

2 [K 2 S0 4 3H0A1S0 4 -3A1 (OIJ) 3 ] heated —> 

2K.S0 4 + 3 ()Al a (SO,,) 2 + 3AIo0 3 + 121I 2 0. 

Ihe theoretical loss to satisfy this reaction is Id.04 per cent. 

On addiny water to the roasted product and warminy, aluminium 
hydrate is precipitated and potash alum formed in solution. 

3 0A1 2 (SO,). + 3K.0 —> 2A1 2 (S0 4 ) 3 + 2A1 (OH). 

Alt (S0 4 ). + K..S0 4 + 241L 2 0 —> 2KA1 (S0 4 ) a -24H a 0. 

Ihe readhms proved by those experiments differ from those 
hitherto accepted. Thus Wayynmnn* states—- 

on heating to a moderate temperature (500° 0.) water is driven off and the 
mineral decomposes into alumina and potassium sulphate. 

ll<* makes no mention of the formation of a basic sulphate of alu¬ 
mina hut slates, inter alia . that* in Italy, for the production of alum 

after calcining the ore at low red heat.it is exposed in the air for 

several weeks or months, being moistened with water from time to time. 

The reactions arc represented thus:— 

(I.) K,.()3AI,0 3 4S0 ;l mr. J 0 2KA1 (S0 4 ) 2 + 2AUO. -f OH.,0 
(2.) 2KA! («0 4 ) a -f 24H.0 2KAI (S0 4 ).-24H.b. 


* U.S. Dept. Agrie. Bull. 4X5, p. 








F. Sorely whose description of the La Tolfa method of treat¬ 
ment of alunite is (lie most detailed on record, says:— 

The treatment of the alunite rook begins with a very moderate roasting, which 
by dehydrating the excess of the alumina, renders it insoluble. But it is 
necessary to be very careful not to push the temperature too far, for the sul¬ 
phate of aluminium would he partially decomposed and would set free a mix¬ 
ture of sulphurous and sulphuric anhydrides with oxygen. 

It is probable, when the proportion of sulphuric acid is greater than that 
which corresponds to the quantity of alum equivalent to the potash present, 
that there is formed, under tlic action of heat, an insoluble basic sulphate 
of aluminium, 0Al 2 O 3 * 2S0 3 t. Under the action of a temperature sufficient 
to liberate the vapours of sulphuric anhydride, one would obtain potassium 
sulphate in excess, alum, and a still more basic sulphate of aluminium, 7 A1 «0 3 * 
5S0 3 . 

From the results obtained by the writer, it appears that on 
heating alunite al temperatures up to o()0° Centigrade, free potas¬ 
sium sulphate and a basic sulphate of aluminium are formed and 
not an anhydrous alum. This would also explain the necessity for 
exposing the calcined mineral to air and moisture for many weeks 
for the production of potash alum after calcining at the above tem¬ 
peratures. 


S01° Centigrade. 

On beating the mineral to a temperature of 801° C. (melting 
point of common salt), the whole of I he water and three-quarters 
of the sulphur trioxide is driven off, leaving a residue of potassium 
sulphate and alumina. 

One gram of the mineral heated in a gas muffle at the above 
temperature gave the following - losses:— 

(i) (-) 

41.44 41.7(i 

The equation is 

K 2 S0 4 • 3 HOAISO 4 • 3Al (OH).. —> K 4 S0 4 -f 3Al 2 0 3 -f 3SO s -f GH 2 0 . 

In this and previous quotations, NinSO, replaces K..SO., to an extent 
proportional to the Nn which substitutes Iv in the original mineral. 

The theoretical loss to satisfy this equation is 42.0 per cent. 

The potassium sulphate formed is readily dissolved in water 
and the solution shows no tendency to produce a precipitate on 
warming. With a. view to determining the conditions under which the 
whole of the potassium sulphate could lie leached out of the calcin¬ 
ed mass, several lots of the alunite ore were calcined under similar 
conditions and leached with water for varying lengths of time, 

* La Grande Industrie Oliciriiqne Ml norale, p. 710. 
f 2 is probably a misprint in the original for 5. 


the potash and soda being’ determined in the filtered extract, 'Die 
results obtained were:— 


(a) Half-gram of' mineral, roasted, moistened with 50 cc. 
cold water and let stand overnight; the solution was decanted 
off, then 50 cc. of hot water added, warmed for one hour on water 
bath, filtered and washed with hot water. 

(b) Half-gram of mineral, roasted, taken up with 50 cc. hot 
water, allowed to stand on water bath for one hour with frequent 
stirring, decanted and retreated for a further hour with 50 cc. 
water, filtered and washed with boiling water. 


(c) Half-gram of mineral, roasted, taken up with 100 cc. hot 
water and allowed to stand on water bath for 5 hours with occasion¬ 
al stirring,, then decanted and treated for a further 3 hours in a 
similar manner, then filtered and washed. 


(d) Half-gram of mineral, roasted, taken up with 50 cc. of 
water, allowed to stand for one hour on a water bath with fre¬ 
quent stirring, then filtered and washed with boiling water. The 
residue was then transferred to the beaker and retreated for a 
further hour under similar conditions, again filtered and washed 
and then again retreated. 


(a.) . 

(b). 

(c.) . 

(d.) First extract 
Second extract 
Third extract 


Potash. 

Soda. 

O' 

n 

O / 

n 

4-9S 

2-92 

4-9G 

2-94 

5-00 

2*90 

4- 66 \ 

2-76\ 

•36/5-02 

•18/2*94 

traces 

traces 


These figures show 
potassium sulphate 


that after calcining the mineral at 800° C. the 
formed is very readily soluble in warm water. 


Another sample (D) of high grade alunite, giving 
loss of 41.44 per cent, gave the following figures:— 


an ignition 


NaCl + KC1 

K a O 

Na 2 0 


2 hours leach¬ 
ing. 

100 cc. water 

o/ 

/o 

10 • IS 
7*10 
2-54 


3 hours leach- 


ing. 

100 cc. water. 

o' 

0 

10-20 

7-10 

‘2 • 00 


060° Centigrade .—To determine the effect of over roasting 
in the presence of common impurities, one half-gramme lot of a low 
grade alunite ore was heated to the melting point of silver (060° 
C.) and the results showed a loss of water soluble potash due to the 
formation of an insoluble potassium compound, probably a potas¬ 
sium nlumino-silicate, by interaction between the first formed 
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potassium sulphate and the associated silica and silicates. The re¬ 
sults obtained were:— 


Calcined at Calcined at 
801° C. 900° C. 

O' o/ 

Ignition loss ... ... ... ... ... 29-08 30-54 

Water soluble I’otash, K 2 0 ... ... ... 4-02 3-70 

Water soluble Soda, Na 2 0 ... ... ... 2-49 2-22 


The increased ignition loss in this 


case is due to the dissociation of 


the potassium and sodium sulphates. 


SOLUBILITY OB ALCNTTE. 

The production of water soluble potash from alunite for fertil¬ 
ising purposes by roasting - has proved to he a fairly cosily process, 
entailing the employment of an extensive roasting plant* The fuel 
consumption has been found to be excessive owing to the fact that 
the reactions taking* place are endothermic; and the necessity of 
keeping the temperature within comparatively narrow limits is a 
severe tax on the staff. 

Owing to the fact that very little information was obtainable 
showing* the solubility of the mineral in various reagents, the fol¬ 
lowing experiments were carried out with a view to ascertaining’ 
if some cheaper method could be evolved for rendering the potash 
available as a plant food. 


SOLUBILITY IN WATER. 

The only direct references to the effect of water upon alunite 
which could he found were those of Waggamau and Cullen 
and of Janes,! who both say that alunite is “insoluble in water.*’ 

In view, however, of the rapid solution of alunite by caustic 
alkali solution, it appeared probable that its solubility in pure water 
was appreciable. 

The material chosen for this test was soft and porous. It 
was over 99 per cent, pure, containing K„0, 7.5(i per cent; NTa 3 0, 
2.50 per cent.; the impurities being quartz with traces of kaolin, 
muscovite, limonite, epsomile and common salt. 

This material was crushed to pass a 30-mesh sieve, the major 
part passing also a 90-mesh sieve. One gramme was placed in a 
silica beaker, covered with 100 oe. water and stirred at frequent 
intervals with a platinum rod. At the end of one day the solu¬ 
tion was decanted through a small dense filter and the liltratd 
evaporated to dryness in a weighed platinum dish, dried at 200° 0. 
and weighed. Thereafter the process was repeated four times, the 
length of standing being increased to two days, but the same gramme 
of ore and I he same biter was used throughout. The temperature 
ranged from 15° (\ to 25° (\, an average of 20° 0. Owing to 
(he tendency of much of the finest alunite to lloat on the surface 
of I he water, there should be no doubt as to the saturation of the 

* U.S. Dept., Atfrie. Dull. 415, p. 2. 

t Comm, of Anat., Adv. Coitnc. of Sei. and lnd., Bull, No. 3, p. 9. 



solution under those conditions. The weight, of the extractions 
was corrected by a blank on the distilled water used. Owing to 
the (act that this contained a little organic matter the filial weigh¬ 
ings were made alter heating to a temperature ot' about 400° C., 
which was sullieieut to drive off this organic matter and dehydrate 
the alnnite taken into solution. The first extract (0.0048 gm.) 
contained the greater pari ot' the associated epsomite and salt. 
The second extract contained a. little, and the third probably traces, 
hut ihe fourth and fifth should not have been contaminated. The 
solubilities shown by these two were, in 100 cc. 

4th 0.0003 grammes. 

5th 0.00025 „ 

The mean solubility, therefore, of alnnite in 100 cc. of pure water at 
20° C. is 0.00027 grammes. 

This is of the same order as that of barite (BaSO.,), which is 
0.00023 grammes. 

SOLUBILITY IX CAUSTIC ALKALIS. 

Xo mention is made by Dana and Lacroix, two well recognised 
authorities on mineralogy, of the effect of solutions of KOI1 and 
NaOll upon alnnite. lanes’* says “It is readily soluble in caustic 
alkalis.” 

The. material used in (hese experiments was 00 per cent pure, 
containing 7.5(1 per cent. K,0 and 2.50 Xa,0, the impurities being 
a little quartz, kaolin, and water soluble sulphates. 

One half gramme lots of the mineral were treated with dif- 
ferenI strengths of TsaOll solution lor varying lengths ol time 
and at different temperatures, being stirred well from time to time. 
The solutions wore then filtered and washed well with hot water; 
the filtrates were just acidified with hydrochloric acid, boiled to 
expel any CO, present, then sufficient barium chloride added and 
the solutions allowed to stand for a few hours. The barium sul¬ 
phate was filtered off and weighed and calculated as SO.,. 

The SO, was determined in a. blank on the reagents used and the 
SO., found plus the water soluble sulphates present in the mineral 
deducted from the total. The SO., dissolved was then calculated as 
alnnite from a factor toiind by determining* the total insoluble SO, s 


in 

tlie sample. The figures 

obtained 

were as 

follow:— 


1 

per cent. 

Xa.OII Solution. 






Alnnite 

Sodium Solution. 

Tempera¬ 

Time. 

Alnnite 


taken. 

in 


ture. 


dissolved. 



Solution. 

CC. 



O 

f * 


0 ■ 5gm. 

0•2873 

50 

20 ° C. 

2 lirs. 

10-2 


0- 5gm. 

0* 2870 

50 

2 o° a 

4 hrs. 

30-4 


0 • 5gm. 

0-2875 

50 

01° c. 

2 hrs. 

98-0 

5 

per cent. 

NaOll Solution. 






0- 5gm. 

1-4375 

50 

20° a 

2 hrs. 

84-3 


0- 5gm. 

1•4375 

50 

oi° a 

20 mins. 

100-0 



* Comm, of A ust., A4v 

. Comic, of Sci. ami Iml. 

, Bull. No. 3. 
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The equation for this reaction is:— 

KoS0 4 • 3H0AbS0 4 - 3At (OH), -p 12Na()H —lv.,S0 4 -(- 3Ah 2 S0 4 -p 
3Na a Al 2 0 4 -f J2H„0 

The whole of the products of I his reaction are water soluble. The 
results show that alunite is readily dissolved by warm dilute solu¬ 
tions of caustic alkalis, a process which provides a most satisfactory 
method for getting- the mineral into solution. 

The effective agent, in this reaction is the high concentration of 
hydroxyl ion which produces ahiminate ion at the expense of the 
basic aluminium salt. 

A. J. Robertson’s experiments on Kalgoorlie nalroalunite, made 
in the Geological Survey Laboratory in 1015, showed that this 
mineral passed wholly into solution oil warming for 21) minutes 
with 5 per cent. KOH solution. 


SOLUBILITY IN SODIUM CARBONATE. 

No references were obtained showing the effect of sodium car¬ 
bonate solutions on alunite. Knowing that caustic alkalis exert a 
very rapid solvent effect, and that sodium carbonate hydrolyses freely 
in water, experiments were carried out with a view to determining 
the solubility of alunite in sodium carbonate. 

The solution used in these experiments- contained the same 
amount of sodium as that in the case of the caustic soda tests. The 
temperature and time of experiment were also the same, so that 
the results as to rate of solubility would be comparable. The material 
also was that used in the caustic soda tests and was treated in ex¬ 
actly similar manner. 


1.325 per 

cent. Na..((0 

Solid ion. 



Alunite. 

Sodium in 

Solution. 

Tempera¬ 

Time. Alunite 


Solution. 


ture, 

dissolved. 



CO. 


O 

( ► 

0- 5gm. 

0-2875 

50 

20° C. 

2 hrs. 0-13 

0- ogm. 

0-2875 

50 

20° 0. 

4 hrs. 0-35 

0‘5gm. 

0-2875 

50 

9 t° a 

2 hrs, 43-85 

6.025 per 

cent. Na„CO., 

Solution. 



0 • ogm. 

1 4375 

50 

20° C. 

2 hrs. 1 • 09 

0 • 5gm. 

l 4375 

50 

91° 0. 

2 hrs. 71-(JO 

It will be 

noted that Na. 

s CO s has very little ell 

eet on alunite in the 

cold, blit 

the attack is 

considerably 

increased 

in warm solutions. 

From this 

it is apparent 

the solubility is due 

to the hydroxyl ions 


present, the Na a OO.. hydrolysing to form NaOH and 11.00.. The 
reaction may be expressed thus: 

Na 2 C0 3 -f- HOH = NaHC0 3 + NaOH = 2Na + -{- (HC0 3 )”-j- (OH) - 
NaHCOj -p HOH = NaOH -p H 2 C'0 3 = Na^~-f- (OH) -p H 2 C0 3 


GO 


SOU lilMTY IN OAI’STIO LlAI K KOLKTIONK. 

In view or the rapid and complete solution of nimble in caustic 
alkalis, and lo obtain a alien per and more readily available solvent, 
I bo (died ok canslie lime solutions, which also contain a considerable 
concent i at ion <d' hydroxyl ion, were tried on the mineral. 

The material used lor the preliminary tests was !)t) per cent, 
pure, containing K..O, 7.5(i per cent.; Nn,0, 2.5(5 per cent. The 
impurities were, mainly quartz and kaolin with small amounts of 
epsomite and sail. 

Several gramme lols of the. mineral were placed in quart/, 
beakers with 100 re. of water and 0.25 gm. of freshly hurni lime. 
The solutions were stirred occasionally and allowed to stand in the 
cold for periods of one, two, and eight days. 'The solutions were 
then littered and tin* potash and soda estimated in the extract. It 
was noticed after one day that a bulky gelatinous precipitate was 
formed, quite distinct in appearance from the original alnuite. This 
proved on examination to he calcium aluminale. The results ob¬ 
tained were— 


Potash, 

Soda. 

<> 

o 

(> 

/o 

7 • 5G 

2-5G 

0-71 

1 • 15 

t -0!) 

1-2G 

I- 1G 

I • 45 


Originally in Sample 
In solution utter one day’s treatment 
In solution .after two days’ treatment 
In solution after eight days’ treatment . 

Those figures wore considered so satisfactory that arrangements 
were made to carry out a systematic scries of experiments, Hie re- 
sulls of which are shown below. 

These lesls were carried out on three separate lots ol the min¬ 
eral containing the following; amounts of 


Ahmite 
Total Kota,si. 
Total Soda. .. 


1 

05-05 

(WIG 

3-02 


o 

OG-55 

8-54 

2-24 


3 

07-31 
7-08 
2-GO 


The samples were crushed to pass a 30-mesh sieve, the greater por¬ 
tion of which would pass a. 0()-mesh sieve. One. half gramme, of (lie 
mineral was placed in a resistance Husk with -KM) ce. ol a Iroshlx 
prepared solution containing the amount of calcium hydrate shown 
in the table. (The solubility of 0a(011) 8 in water is 1.7 gins, per 
litre.) Several pieces of glass rod were placed in the flask which 
was 1 hen lightly stoppered with a waxed cork and I he tests shaken 
vigorously from lime lo time. At the expiration ol the lime allowed 
the precipitate was tillered oil, well washed with hot walei, and the 
potash and soda, which had passed into solution estimated by the 
platinic-ehloride method. 

If was noticed that in the case of treatment with caustic alkalis 
the nimble goes completely into solid ion, hut with caustic linn- a 
hnlkv precipitate was formed. This precipitate was examined alter 
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washing well to remove all the calcium sulphate, and found to con¬ 
sist of calcinra aluminate and undecomposed alunite. 

The results shown in Table I. were obtained by treating the 
0.5 gin. of the mineral with 0.5308 gins, of caustic lime, which is con¬ 
siderably more than necessary to satisfy the following equation, the 
theoretical quantity being 0.2029 gms. of CaO or 0.2679 Ca(OH),. 

K.SO.p3HOAISOj-3Al (O(T) 3 + GCa fOK), —> 

K 2 S0 4 + 3CaS0 4 +3CaAl 2 G 4 -f 1211 2 0. 
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The above figures proved that almost saturated but still weak 
(one-fiflielh normal) solution of Ca(OIl) 2 under suitable condi¬ 
tions, completely decomposes alunite, all the potash going i u t 0 so } u _ 
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A .second series of tests were then carried, out to ascertain 
the effect of still more dilute solutions of caustic lime on the mineral, 
flic amount of Oa(Oll) 2 in this approximately ccutinofuial solution 
was far below that; required for a. saturated solution and slightly 
more than was necessary to satisfy the foregoing' equation. 

It will he seen that the quantity of mineral used in this series 
of experiments was 0.45 gms. as against 0.5 gms. in the first, scries. 
This was only a matter of convenience in keeping the hulk of caustic 
lime solution at 400 ce., at- the same time giving an appreciable 
amount of Ca(OIl).. over that required by theory. The amount of 
caustic lime used was equal to 0.5152 gms. for 0.5 gins, of alunile. 
which is 0.0405 gms. excess of the amount required to satisfy the. 
equation rht.wn above. 
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ft it-* Ilk*illy probable that if facilities be available for tbe re¬ 
moval of tbe end products of tbe reaction as they are formed, the 
solubility of tbe mineral would be considerably increased. 

In order to ascertain tbe solubility of alunite in lime with mini¬ 
mum amount of water, an experiment was carried out on 11b. (453 
grams) of alunite containing 1 K 2 0, 7.S4 per cent.; Na a O, 2.72 per 
cent., crushed to pass a 10-mesh screen, mixed with "(Alb. (220 
grams) lime (CaO) and one gallon of water. It was allowed to 
stand for two days with occasional stirring and then filtered, tbe 
solution being evaporated to small bulk to remove tbe calcium sul¬ 
phate, again tillered and evaporated to dryness. The yield of crude 
potassium and sodium sulphates was 0.12051bs. (54.C grams), equal 
to 70.1 per cent, of the potash and soda present in the ore. 

These results are of the greatest value in the utilisation of alu¬ 
nite as they indicate a cheap and ready method for converting the 
potash of the mineral into a readily available form, and T commend 
them to the serious consideration of agricultural chemists. 


SOLUBILITY IN CALCIUM CARBONATL SOLUTION. 

No record could he found of the effect of calcium carbonate on 
alunite. Owing to the highly satisfactory results obtained by the 
treatment with caustic lime solutions and also to the fact of the gen¬ 
eral use of carbonate of lime in agriculture, it was considered ad¬ 
visable to carry out a systematic series of tests with solutions con¬ 
taining calcium carbonate. The solubility of calcium carbonate in 
water is very low, but calcium carbonate in solution hydrolyses, 
forming calcium hydrate and calcium bicarbonate, both of which 
have a greater solubility in water than normal calcium carbonate, 
but are included in the solubility, viz., 0.013 grams per litre, of 
in water. 

The mineral in each case was placed in flasks with 400 ec. of 
water and 0.710 gins, of pure precipitated calcium carbonate added; 
the flasks were stoppered with waxed corks and kept closed during 
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the whole time of the extraction. The tests were shaken vigorously 
from time to time. The results obtained are shown in Table Til. 
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The results are highly satisfactory in that they show that the 
a.lunite is attacked by solutions containing calcium carbonate, potas¬ 
sium sulphate going into solution. The action is considerably 
slower than that of caustic lime solutions, but there is little doubt 
that in time the effect would be the same as that of calcium hydrate 


Soluble in water after calcining the mineral at SOU 
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solutions. Tt is considered that hud facilities been given for the 
removal of the free carbonic acid formed in these experiments, the 
reaction would have been considerably accelerated as the hydrolysis 
of the calcium carbonate would have been increased. 


SOLUBILITY IN 11Y DROCHLOIJK 1 ACID. 

Very few authorities give any information regarding the effect 
of hydrochloric acid upon alunite. 

Raunnelsberg*, however, referring to true alunite, says: “Is 
dissolved with difficulty by hydrochloric acid.” Janesf, on the con¬ 
trary, says: “Alunite is insoluble in hydrochloric acid.” 

As long ago as 1014 Mr. A. J. Robertson proved in the Geo¬ 
logical Survey Laboratory that the nntroal unite from the Merit ana 
Lease at Kalgoorlie was quite appreciably attacked by warm hydro¬ 
chloric acid, and that m I act, it was attacked aj proximately with 
the same rapidity as crystalline haematite. The results obtained by 
him on Sample “H,” quoted previously, containing ‘10.52 per cent, 
of SO with 4.00 per cent, of Nu.,0 and 2.40 per cent, of K.0, are 


as follows:— 

Sulphur trioxide 
passed into 

Method of Solution. 

Time. 

f 

Nature of insoluble 

Solution. 



Residue, 

I -35 

Warmed with 5e HCl 

i 

mm. 

10-15 

White. 

;?-. r )2 

Warmed with 10e HCl 

10 

White. 

0-52 

Wanned with 10e tt( ’1 

20 

White. 

20-38 

Boiled with IOe HCl 

30 

White. 

30-52 

Warmed with 5 n () KOH 

30 

Brown coloured resi¬ 




due and silica. 


Later experiments carried out on Kanowna alunite samples, 
containing .‘>7.32 per cent, of sulphur trioxide gave the following 
figures:—■ 


Sulphur trioxide 
passed into Solu¬ 
tion. 

1 

Temperature. 

Time. 

Strength of 
11C1. 

O 

o 

; 

min. 


0-33 

70 75° C. 

10 

5 k 

0-11 

75° C. 

10 

10m 

0-40 

75° C. 

20 

10e 

4-50 

100 ° c. 

30 

10e 


* Jtammelsberg, V. F.- liandhurh dcr 3Iincralrhcniic, 187a, p. 274. 
t Janes, F. W.—The Alunite Deposits of Australia and their utilisation, 1917, p. 9. 
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SOLUIUUTY IN llYDKOmiOKIO ACID, 

No reference could be found to (lie off eel of hydrotluoric acid 
on alunite. 

Owing to (lie close resemblance in many respects of alunite to 
kaolin, for which il may be mistaken, the effect of that reagent was 
tried to determine if this acid could he used to distinguish between 
the two minerals. 

The mineral ifsed for these experiments was the same as used 
for the solubility in caustic soda solutions, being !M) per cent. pure. 

The experiments were carried out in platiniun vessels and stirred 
from time 1 to time. 0.5 gm. lots of Hit' mineral were taken and the 
acid list'd in each case was equal to 5 cc.. 25 HI hydrofluoric acid, the 
results being:— 


Strength of Acid. 

Time. 

Temperature. 

Alunite in Solu¬ 
tion. 


min. 



5 k 

10 k 

15 

30 

90° C. 

20° C. 

Complete. 

Little. 

10 k 

1 

5 

90° C. 

Complete. 


The solution ot the mineral in warm hydrofluoric acid is therefore 
very rapid. The solution contains a mixture of potash alum and 
aluminium fluoride. 


soid’muTY in srumuRic ACHY 

Only one leferenee was found regarding the effect of sulphuric 
acid on alunite. -lanes, in referring to the effect of acids on alu¬ 
nite. says: “Is sol aide in strong sulphuric acid on heat mg/’ 

flie mineral on which these experiments were carried out was 
!)!) per cent, pure, with 2.-JO per cent. ICO and 4.90 per cent. Na.O. 
The results obtained were as follow:— 


Strength of Acid. 


Time. 


Temperature. 


Alunite in 
Solution. 


on 
I On 
.‘Mis 
30 m* 


1 hr. 

1 hr. 

1 hr. 

10 min 


90° C. 
90° C. 
90° 0. 

200° e, 


Trace. 

Little. 

Much. 

Complete. 


* It was ioniul that on cooling the solution anhydrous sulphates were thrown ° u t 

oi solution. 
















(JONC LESIONS. 

(1.) Alunite is unaffected by drv heat at temperatures up to 
300° C. 

(2.) The decomposition of the mineral in alum roasting' is in 
two stages. At 100 0. the mineral loses four and a half molecules 

of water with the formation of a basic sulphate oE aluminium and 
potash, and on further heating- to a temperature of 500° 0., the re¬ 
maining' water is removed, forming an anhydrous basic, sulphate. 
On the addition of water the basic sulphates dissociate, producing a 
true alum and precipitating aluminium hydrate. 

(3.) Alunile heated to a temperature of 800° C. dissociates 
completely into potassium sulphate, alumina, sulphur trioxide and 
water. Part of the sulphur trioxide dissociates further into a mix¬ 
ture of sulphur dioxide and oxygen. 

(4.) On heating alunite to a temperature of 900“ C., the potas¬ 
sium sulphate formed is dissociated and interacts with the alumina 
to form soluble potassium aluminate, or, in the presence of silica, 
insoluble potassium ahimino-silieates. 

(5.) Alunite is readily soluble in warm dilute solutions of 
caustic alkali, hydrolluorie acid, and hot strong sulphuric acid. 

(0.) Alunite is slowly soluble in cold solutions of sodium car¬ 
bonate, but readily soluble in warm solutions of that reagent. 

(7.) Alunite is moderately soluble in hydrochloric acid and 
warm dilute sulphuric acid. 

(8.) Alunite is sparingly soluble in water, 

(9.) Alunile is attacked fairly readily by a solution of caustic 
lime, the whole of the potash passing into solution. 

(10.) Alunite is appreciably attacked by calcium carbonate, 
solutions. 

I wish to express my deep appreciation to my Chief, Dr. E. S. 
Simpson, who has given me every encouragement to pursne these 
investigations, for the great interest lie has taken in this work, and 
the way in which he has at all times been ready to assist me with 
suggestions and give advice when it was most urgently needed. I 
wish lo thank Mr. h. id. .Toll for his careful work and interest shown 
in carrying out the digestion experiments with caustic lime and cal¬ 
cium carbonate. 1 also wish to acknowledge the courtesy of the 
lion, the Minister for Mines in giving permission to publish the 
figures shown in 'fables I., 11., and TIT. 
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